ABSTRACT
INTRODUCTION

66
Infants and children require varying amounts of nutrients at different stages due to their 67 continuous growth and development [1] [2] . There has been an increased focus on standardized 68 total parenteral nutrition (TPN) formulas, hospital-compounded and commercial admixtures, 69
as they have been shown to be well-tolerated, easy to use and reduce the risk of serious 70 mistakes [3] [4] . Several benefits have been demonstrated also for preterm infants; recommended 71 nutrition intake and weight gain can be obtained using standardized AIO formulas [5] . 72
Neonates in intensive care units often receive complex therapy with many drugs in 73 addition to TPN, so Y-site administration can be desirable. However, TPN admixtures contain 74 more than 50 different components, and physicochemical interactions leading to formation of 75 precipitates and/or emulsion destabilization are quite possible if mixed with drugs. In the 76 worst-case scenario particles and large oil droplets might cause blockage of blood vessels and 77 even death if infused [6] [7] . Documented compatibility data for TPN and drugs in Y-site is 78 important in order to provide safe care for the patients. Extrapolation of existing compatibility 79 data of drugs and TPN admixtures for older children and adults should be done with care 80 because of differences in TPN composition, drug concentrations etc. The aim of this study was 81 to obtain Y-site compatibility data for drugs and one standard TPN admixture used in preterm 82 infants in Norway. Due to the observation of micro-precipitates in the admixture after addition 83 of trace elements, investigation of the effect of different trace element concentrations on the 84 risk of precipitation in TPN developed as a sub goal. 85
86
MATERIALS AND METHODS
87
Materials
88
The TPN admixture was intended for peripheral or central administration to preterm 89 infants from four days of age. This admixture can be ordered from Fresenius Kabi or 90 compounded locally in the hospital pharmacy. Table 1 shows an overview of the ingredients 91 of this admixture prepared in a local pharmacy in an ethyl vinyl acetate (EVA) monolayer bag 92 (FrekaMix®, Fresenius Kabi). Drugs and concentrations tested are also shown in Table 1 . 93
Ceftazidime and fosphenytoin were reconstituted in glucose 50 mg/ml, and ampicillin and 94 furosemide in NaCl 9 mg/ml. Fluconazole, metronidazole and paracetamol were used 95 undiluted. 96 97 98 
Methods
103
The full composition of two versions of the TPN admixtures used can be viewed in 104 Particle Sizer, Nicomp PSS, Santa Barbara, USA). The sensor type was LE-400-05 set in 167 determined [8, 14] . The background count of the centrifugation tubes was below 100 170 particles/ml ≥ 0.5 μm [8] . 171
The turbidity of the samples was measured in Formazin nephelometry units (FNU) 172 using a Turbidimeter (2100Qis, Hach Lange GmbH, Düsseldorf, Germany). The sample was 173 gently inverted a few times before measurements [8] . 174
The samples were studied visually against a black background with two light sources, 175 a fiber optic light source (Schott KL 1600 LED, Mainz, Germany) and a red pocket laser 176 pointer (630-650 nm, max output <1 mW). The samples were gently inverted to set possible 177 particles in motion [8, 15] . When the highest recommended addition of trace elements (1.5 ml Peditrace®/100 ml) 221 was added to TPNaq, fine powdery particles were seen using Tyndall light, and both the sub-222 visual particle counts and the turbidity indicated ongoing precipitation in TPNaq (Figure 1) . 223
Immediately after filtration of the TPNaq samples into the test tubes, the sub-visual particle 224 counts were ≈1000 particles/ml, but they increased dramatically in number (≈14.000 225 particles/ml) over the observation time of four hours. Particle sizes were mostly < 1 µm and 226 the particle concentration of 10 and 25 µm particles were well below the Ph.Eur limits [14] . A 227 correlation was observed between the amount of added trace elements and the extent of 228 precipitation ( Figure 1 ). This was also the case for the turbidity measurements, although the 229 FNU values were above the acceptance limit also right after filtration (Figure 1) . In visual 230 examination small amounts of haze could be identified, increasing over four hours. After about 231 24 hours most of the haze seemed to have disappeared in the sample tubes. Furthermore, a 232 brownish color was noticed on the syringe filters used to filter the samples (Figure 2) , alsodisappearing over time. During the course of the shelf life of the mixture, the precipitation in 234 the TPNaq bag seemed to gradually decrease. In an attempt to avoid precipitation, lower 235 amounts of trace elements (1 ml/100 ml and 0.8 ml/100 ml) were added. 0.8 ml Peditrace®/100 236 ml corresponds to "normal" use instead of the maximum limits ( Table 2 ). The particle counts 237 were much lower compared to the 1.5 ml/100 ml samples, however the turbidity was not 238 acceptable and haze could still be seen in Tyndall light (Figure 1) . 239
Detection of brown precipitates on in-line-filters used during administration of TPN 240 admixtures have been reported, possibly caused by an interaction between copper and 241 cysteine [18] [19] [20] . The preterm admixture contained cysteine, which is typically added as a semi 242 essential amino acid in pediatric TPN [1] , and copper was introduced with the trace elements. 243
Thibault suggests a limit of 157 µg copper per litre when using low pH, cysteine containing 244 amino acid solutions [19] which is in the same order of magnitude as in the current study. 245
However, no similar precipitate was detected in our previous study with a TPN admixture 246 containing higher concentrations of trace elements and a similar concentration of cysteine [9] . Trace elements in the concentration 0.8ml/100 ml, corresponding to "normal" amount 279 of trace elements, was chosen for the compatibility testing with drugs. Base line values for the 280 TPNaq and TPN compositions outlined in Table 2 , can be viewed in Table 4 . Base line values 281 for the drugs in the same reconstituted concentrations were reported in a previous work [9] . As 282 can be seen in Table 4 the sub-visual particle counts were low, but high turbidity and small 283 amounts of visual micro-precipitates were still present in TPNaq. Since the test results after 284 mixing with drug would be affected, this has to be kept in mind for the interpretation of the 285 results. For tests on the emulsion stability, the maximum amounts of trace elements were added 286 (Table 2) . It is not known whether the precipitate was present in the admixture containing lipid, 287 since this version was not filtered and precipitates would be hidden by the white color. Characterization of TPN (with lipid) without added drug
296
The lipid droplet size was as expected within the acceptance limits (Table 3 and 4). The 297 PFAT5 was below 0.40 % and the V.W. MDD was well below 500 nm. Even though the 298 admixture was judged to be stable, some creaming and/or flocculation was visible in the bag. 299
Creaming can be reversed as opposed to coalescence, and the admixture might still be safe for 300 infusion provided prior thorough mixing. 301
302
Physical Y-site compatibility of drugs and TPNaq (without lipids 303 and vitamins) 304 All sub-visual particle counts were low after mixing with the different drugs, except for 305 ampicillin where the particle count had increased considerably after four hours (Table 4) . This 306 is also described in previous studies [8] [9] , and is probably caused by calcium phosphate 307 precipitation occurring when the pH-values increases above pKa2 of phosphoric acid at pH 308 7.2 [26] . Ampicillin has been found incompatible in some studies [27] [28] , and compatible in 309 others [29] [30] . Based on the current investigations ampicillin and the Preterm mix should be 310 regarded as incompatible. 311
The turbidity was above the acceptance limit (>0.20-0.30 FNU) for some mixing ratios 312 of samples with ceftazidime, fosphenytoin, metronidazole and paracetamol (Table 4) . 313
Ceftazidime had a slightly increased turbidity after four hours in the mixing ratio 1+10, which 314 might be due to the background noise of TPNaq. However, a clear precipitation and color 315 darkening was observed in samples that were re-examined visually after 24 hours, suggestingthat the increased turbidity also might be an initial warning of precipitation in progress due to 317 the mixing of drug with high volume of TPNaq. Co-administration might, therefore, be 318 discouraged, however, ceftazidime has been reported to be compatible in studies with other 319 TPN admixtures [9, [28] [29] [30] . 320
For fosphenytoin a somewhat high, but variable turbidity (high standard deviation) was 321 measured four hours after mixing in mixing ratio 1+1. Although this in isolation could be 322 explained by the background noise, particles were also detected by visual examination in some 323 of the samples immediately and four hours after mixing. After 24 hours, a precipitate was 324 obvious. Since fosphenytoin is formulated with an alkaline pH (8.6) [9] , and buffered with 325 trometamol (SmPC), the pH value was quite high (7.5) also after mixing with the Preterm mix. 326
The precipitate might be calcium phosphate due to alkaline pH and/or degradation of the 327 prodrug to the less soluble phenytoin [31] . In mixing ratio 5+1 there were no signs of 328 precipitation, although the pH was 8.2. An explanation might be the lower concentration of 329 TPN and therefore more dilution of calcium phosphate causing less chance of precipitation. 330
The high turbidity observed in mixtures with metronidazole can presumably be 331 explained by the background noise of the TPNaq. In visual examination the haze was very 332 similar to the trace element-induced precipitate, and it seemed to diminish over time like the 333 turbidity of the pure TPNaq stored in sample tubes. The paracetamol samples also showed 334 increased turbidity and Tyndall effect in mixing ratio 1+1 and 1+2, but not in 1+10. In contrast 335 to the above, these findings did not change over time and were also observed in the pure drug. 336 Therefore, the opacity could be attributed to the drug itself and not a sign of incompatibility[8-337 9]. Fluconazole showed some signs of particles/Tyndall effect during visual examination afterwas not detectable after 24 hours. Therefore, disregarding the trace element-induced 341 precipitations and background noise of pure drug, metronidazole, paracetamol and fluconazole 342 were probably compatible with the TPNaq admixture. This is supported by studies with other 343 admixtures [9, [28] [29] [30] [32] [33] . 344
The appearance of the particles observed in TPNaq mixed with furosemide was 345 different. Traces of particle formation were occasionally encountered during visual 346 examination, especially in samples examined 4 and 24 hours after mixing. The pH after mixing 347 was close to that of TPNaq, and since furosemide might precipitate in acidic solution it is 348 probably safest to avoid mixing with TPN. This is in correspondence with the findings with 349 one TPN admixtures for children (Numeta G16E) previous tested in our set-up 
